The determination of Q192R polymorphism of
paraoxonase 1 by using non-toxic substrate

p-nitrophenylacetate

M. R. Mogarekar, Seema S. Chawhan

Department of Biochemistry, SRTR Government Medical College, Ambajogai, Maharashtra, India

CONTEXT: The human serum paraoxonase 1 (PON1)
is calcium-dependent esterase and associates with the
high density serum lipoproteins. PON1 plays a major role
in oxidation of high density lipoprotein and low density
lipoprotein and prevention of atherogenesis in coronary
heart disease. PON1Q and R allele hydrolyses number
of substrates like paraoxon (PO) (diethyl p-nitrophenyl
phosphate) and phenylacetate.

AIMS: The aim of the study is to the determination of
Q192R polymorphism of PON1 by using non-toxic substrate
p-nitrophenylacetate and compares it with the phenotype
determined by using PO as substrate.

MATERIALS AND METHODS: The study group
consists of 60 healthy normal patients. Paraoxonase
activity was measured using the procedure described by
Eckerson (Reference method) and for phenotyping; the ratio of
hydrolysis of PO in the presence of 1 M NaCl (salt-stimulated
PON1, SALT) to the hydrolysis of phenylacetate (PA) is
calculated. Innew method (Haagen et al.) arylesterase activity
measured using p-nitrophenylacetate and for phenotyping
arylesterase, the ratio of inhibition of enzymatic hydrolysis
of p-nitrophenylacetate (substrate) by phenyl acetate to
non-inhibited hydrolysis of p-nitrophenylacetate (inhibited
arylesterase activity (IA-IA;)/non-inhibited arylesterase
activity (NIA).

RESULTS: It was found that paraoxonase activity is
trimodally distributed in both the methods. There is no
significant difference in the distribution of PON1 phenotypes
of both reference method and new method being
frequencies 0.946 and 0.376 respectively and there was
no significant difference for phenotypic polymorphism for
an individual by both methods (32 = 0.15 and P = 0.9262).
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CONCLUSION: The Q192R polymorphism of PON1
by using non-toxic substrate p-nitrophenylacetate
showed trimodal distribution of QQ (homozygous),
QR (heterozygous), and RR (homozygous) phenotype and
it is comparable with reference method. This method can
be used for PON1 phenotype in different pathological and
complex disease conditions.
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Introduction

Serum paraoxonase 1 (PON1) is calcium-dependent
esterase belongs to the paraoxonase family, which is
widely distributed among tissues such as liver, kidney,
and intestine and is located in the chromosomal region
7921.3-22.1.1'2 PON1 is synthesized in the liver and
that hydrolyses organophosphate insecticides and
nerve gases.® PON1 is a protein of 354 amino acids
with a molecular mass of 43 kDa.*% In serum,
it is almost exclusively located on high density
lipoprotein (HDL)."®! Paraoxonase has shown to prevent
low density lipoprotein (LDL) and HDL oxidation
both in vivo and in vitro through hydrolysis of lipid
peroxides. The oxidative change of LDL is one of the
major events of early atherogenesis that contributes to
cholesterol accumulation in the arterial wall and lesion
development.”8 |t has been shown that paraoxonase
has protective effect on coronary heart disease and
related conditions such as myocardial infarction,®
Stroke,"? insulin dependent diabetes mellitus (IDDM) and
non-insulin dependent diabetes mellitus (NIDDM),!'!:12
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hypercholesterolemia,'? chronic renal failure,!"® some
neurological conditions like Alzheimer’s disease!'¥
and parkinsonism,!"! some of the tumors!'®'” and
organophosphorus poisoning.!'®

Human PON1 has various polymorphic sites among
which one of them site giving rise to amino acid substitution
at position 192, glutamine (Q) to arginine (R), which is
significantly affecting the catalytic efficiency of PON1,
in a substrate-dependent manner and most exclusively
studied.!"™ The PON1 Arg (R) allele is much more
efficiently hydrolyze PO than PON1Gilu (Q), determining
a triphasic distribution of serum paraoxonase activity in
Caucasian population.?% This allelic polymorphism has
been studied in number of diseases. In recent years,
research has been directed toward evaluating the roles
of the different polymorphic forms in atherosclerosis and
vascular disease, due to differential abilities of the 192R
and Q isoform in preventing oxidation of LDL. The HDL
from QQ homozygote was found to be more protective
of LDL than RR homozygotes which are least effective,
because the Q allozyme provides greater protection
against the accumulation of lipid peroxides on LDL than
the R allozyme.2122

PON1 possess both arylesterase and paraoxonase
activity. PON1 hydrolyses number of substrates like
PO (diethyl p-nitrophenyl phosphate), phenylacetate,
2-naphthyl acetate, p-nitrophenylacetate, chlorpyrifos
oxon, diisopropy! flurophosphate and 4-chloromethyl
phenylacetate.?*27 In 1983, Eckerson studied PON1
Q192R phenotypic polymorphism by using PO as
substrate (reference method) in which basal and
salt-stimulated (NaCl) arylesterase and phenylacetate
activities determined®®® whereas Haagen et al.
used p-nitrophenylacetate and phenylacetate as
substrate (new method) in which non-inhibited
arylesterase activity (NIA) and inhibited arylesterase
activity (I1A) determined.®

For determination of phenotypic studies of PON1,
PO is used however, PO exposure can cause rapid,
severe organophosphate poisoning with headache,
dizziness, sweating, nausea and diarrhea, loss of
coordination, muscle twitching, convulsions, coma and
death. Breathing PO can irritate the nose, throat, and
lungs. It can also affect concentration, memory, vision,

and muscle coordination.?®! Furthermore, during assay
safety measures has to be taken like use of face mask
and double gloves, preparation of required quantity of
working reagent in one setting of analysis and treatment
of waste water receptacle and pipettes with 2 N NaOH.
PO is not compatible with strong bases such as NaOH
and hence it has to be dispose in NaOH. It has been
shown that instead of PO, p- nitrophenylacetate can be
used for PON1 phenotyping. The aim of our study to
determine Q192R phenotypic polymorphism by using
p-nitrophenylacetate as substrate and compare or
correlate with the phenotype defined by the Eckerson’s
method.

Materials and Methods

The study group consisted of 60 healthy normal
patients came to outpatient department of our hospital
with the age ranging from 30 years to 60 years. Written
valid informed consent was obtained from all subjects.
Individuals with the history of ischemic heart disease,
diabetes mellitus, hypertension, hyperlipidaemia and
chronic renal failure were excluded from the study.
The study was approved by the institutional ethical
committee.

Paraoxonase activity

Paraoxonase activity was measured by adapting the
procedure described by Eckerson et al. The reaction
mixture contained 1.0 mmol/L (milimoles per litre) diethyl
p-nitrophenyl phosphate (PO), 1.0 mmol/L CaCl, and
100 mmol/L tris-HClI buffer, pH 8.0, with or without 1 mol/L
NaCl. One unit of paraoxonase activity produces 1 nmol
of p-nitrophenol and the activity is expressed as U/L
based on the molar absorption coefficient (18050 M/cm)
at 405 nm at pH 8.0.2%

Arylesterase activity with phenyl acetate as substrate

Serum arylesterase catalyzes hydrolysis of
phenylacetate to form phenol. The rate of hydrolysis of
phenylacetate is assessed by measuring the liberation
of phenol at 270 nm. The reaction mixture contains
4.0 mmol/L phenylacetate, 1 mmol/L CaCl, dissolved in
20 mmol/L tris-HCI buffer, pH 8.0 at 25°C. The activity
is expressed as kU/L, based on the extinction coefficient
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of phenol of (1310 M/cm) at 270 nm, pH 8.0, and 25°C
after correction for non-enzymatic hydrolysis.?"

Arylesterase activity with p-nitrophenyl acetate as
substrate and inhibition of p-nitrophenylacetate
hydrolysis by phenylacetate

The reaction mixture or working reagent consisted
of 25 mmol/L triethanolamine-hydrochlorine buffer,
pH 7.4, with 1mmol/L CaCl,, 2.5 mmol/L p-nitrophenyl
acetate in water with (IA) or without 1 mmol/L phenyl
acetate (NIA). The activity expressed in kU/L, based
on the molar absorptivity (14,000) of p-nitrophenol at
405 nm, at pH 7.4.28

Ratios of enzyme activity

After estimating paraoxonase and arylesterase
activity, we calculated enzymatic ratios: (i) The
salt-stimulation ratio (SALT/PA) was defined as the
salt-stimulated paraoxonase activity (SALT) over
arylesterase activity, with PA as substrate, (ii) The
inhibition ratio (IA-1A)/NIA was defined as the PA-IA with
p-nitrophenyl acetate as substrate minus the estimate
of influence of nonspecific arylesterase activity of other
carboxylic ester hydrolases (IA) divided by the NIA with
p-nitrophenylacetate as substrate.?2!

Statistical analysis

Statistical data were analyzed with MYSTAT student
version. The observed allele frequencies were determined
by Hardy-Weinberg equilibrium and are evaluated by
the %2 test. Phenotype comparison was assessed by
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Figure 1a: Trimodal population distribution of PON1
phenotype by using p-nitrophenylacetate

Mecnemar (y?) statistic test. Values of P < 0.005 were
considered to be significant.

Results

In the Figure 1a and 2a, showing graph of the ratio of
inhibited to non-inhibited arylesterase versus frequency
of individuals, it shows the trimodal distribution of the
study population with the two antimodes. According
to these antimodes the study group is distributed into
21 individuals with QQ phenotype, 27 individuals with
QR phenotype and 12 individuals with RR phenotype
with allele frequency of allele-Q and allele-R being 0.575
and 0.425 respectively. In Figure 1b and 2b, showing
graph of the ratio of salt stimulated paraoxonase activity
to arylesterase activity versus frequency of individuals;
it shows the trimodal division of the study population
by the two antimodes. According to these antimodes
the study group is distributed into 23 individuals with
QQ phenotype, 26 individuals with QR phenotype and
11 individuals with RR phenotype with allele frequency of
allele-Q and allele-R being 0.625 and 0.375 respectively.
In both the methods phenotype distributions were
comparable and also consistent with published reports
of frequencies in Caucasians using a method based on
PCR. In the Figure 3, shows graph of ratio of reference
vs new method which separates 3 different phenotypes.

There is no significant difference in the distribution of
PON1 phenotypes of both reference method and new
method being frequencies 0.946 and 0.376 respectively.
Table 1 shows the distribution of PON1 phenotype and
allele frequency determined by using p-nitrophenyl

20 4
18
16
14 -
12 4
10 A

Frequency of individuals

o N B o ®
L L

0 2 4 6 8 10

Salt/PA

Figure 1b: Trimodal population distribution of PON1
phenotype by using paraoxon (PO)

Indian Journal of Human Genetics January-March 2013 Volume 19 Issue 1 73



Mogarekar and Chawhan: Determination of Q192R polymorphism of paraoxonase

10 4

No. of individuals
(=2}

0.1 015 0.2 025 03 035 04 045 05 055 0.6 0.65

RR QR QQ

Figure 2a: Population distribution of PON1 phenotype by
using p-nitrophenylacetate
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Figure 2b: Population distribution of PON1 phenotype
by using paraoxon (PO)
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Figure 3: Ratio of reference vs new method

acetate as substrate while Table 2 shows the distribution
of PON1 phenotype and allele frequency determined
by using paraoxon as substrate. By Mecnemar
test (Chi-square), there was no significant difference

Table 1: Distribution of PON1 phenotype and allele
frequencies determined by using p-nitrophenylacetate
as substrate

Observed no. of individuals
with each phenotype

Observed allele
frequencies

QQ=21 (35%) Allele Q=0.575
QR=27 (45%) Allele R=0.425
RR=12 (20%)

Total=60

Table 2: Distribution of PON1 phenotype and allele
frequencies determined by using paraoxon as substrate

Observed no. of individuals
with each phenotype
QQ=23 (38.33%)

QR=26 (43.33)

RR=11 (18.33%)

Total=60

Observed allele
frequencies

Allele Q=0.625
Allele R=0.375

for phenotypic polymorphism for an individual by both
methods (2 = 0.15 and P = 0.9262).

Discussion

In both the new and reference method it was
clearly described that the study population divides into
3 different (trimodal distribution) groups. In our study,
it was shown that distribution of PON1 phenotype by
new method (Haagen et al.) is nearly same as that of
distribution among method defined by Eckerson et al.
It was not possible to confirm correct classification or
observed distribution of PON1 phenotype with that of
PCR genotyping however; we have compared phenotype
frequency with that of standard reference method.
Phenotype determined by the (IA-IA))/NIA method
misclassified two of the QQ as QR and one QR as RR.
The area of overlap between QR and RR distribution
appeared to be slightly more in the SALT/PA than in
the (IA-1A))/NIA. According to Eckerson et al? the
frequency of Q (previously A) allele is 0.685 and that
of the R (previously B) allele is 0.315 in a population of
Caucasians. The allele frequency in the present study
are quite near to these figures in both (IA-1A ))/NIA and
SALT/PA which is 0.425 for R allele and 0.575 for Q allele
and 0.375 and 0.625 respectively.

PONT1 is an extensively studied enzyme, particularly
for its role in hydrolyzing a huge number of OPs. There is
wide variation in serum PON1 levels and activity among
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different ethnic populations. This is believed to be so
because PON1 exists in different polymorphic forms. The
Q192R polymorphism has been found to affect the rates
of hydrolysis toward various substrates including PO,
diazoxon, soman, and sarin. The allele with Arg at position
192 (PON1R192) efficiently hydrolyses PO at a higher
rate than the allele with Glu at this position (PON1Q192).
However, the R allele is 8 times less efficient in
hydrolyzing 3 types of OPs, namely diazoxon, sarin and
soman while Q allele hydrolyses these substrates more
quickly.-32 Most studies investigating the association
of PON1 polymorphisms with diseases have examined
only the nucleotide polymorphisms (Q192R, L55M,
C-108T) with PCR-based assays and ignored the
plasma PON1 levels, the most important determinant of
the rates of metabolism of endogenous or exogenous
toxins. However, even if an individual were genotyped
for all known PON1 polymorphisms, this analysis would
not provide the level of plasma PON1 activity nor the
phase of polymorphisms (i.e., which polymorphisms
are on each of an individual's two chromosomes).®
Evaluation of only genetic polymorphisms as risk factors
in complex diseases is inadequate. Many authors
have emphasized the importance of measurement of
PON1 activity and/or concentration in addition to PON1
genotypes, when exploring the role of PON1 in vascular
disease.®**! The term PON1 status, which includes
both PON1 192 genotype and PON1 activities, supplies
much broader information than the genotype alone, for
correlation with disease susceptibility, or responsiveness
to environmental agents. It stands to reason that higher
levels of a protein involved in metabolizing oxidized lipids
or toxic OP compounds would be more protective and
the level of protection should be related to the activity
level of the protein.” Studies that examined either PON1
levels or PON1 status (plasma PON1 activity levels and
Q192R genotype) have shown that low PON1 levels are a
risk factor for vascular disease,*® whereas some studies
shown that there was no association observed PON1
genotype.B+®! |In addition there are number of studies
on genotype and phenotype of PON1 polymorphism.
As the PON Q192R genetic polymorphism has been
suggested to be an independent risk factor for coronary
artery disease, PON1Q plays an important role in the
protection of LDL and HDL oxidation than PON1R.?2

For the 1t time Ruiz et al.®¥ have shown that the B (R)
and AB+B (QR+RR) genotype were associated with
an increased risk of CHD in NIDDM patients and
hypothesized that the activity of the B (R) phenotype
does not protect against lipid peroxidation. Furthermore,
the similar results have been shown in Japanese diabetic
patients, US and Indian CHD patients. In contrast recent
study by Flekac et al. demonstrated that the presence
of PON1 QQ genotype was associated with poorer
diabetes control than RR genotype.? A large number
of studies have shown similar PON1 polymorphism
findings. Lee et al. studied the risk of developing lung
cancer was significantly increased in individuals carrying
the PON1 QQ genotype.*!! Dantoine et al. concluded
from their study that PON1 polymorphism 192 may be
considered to be a reliable marker to distinguish patients
with Alzheimer’'s disease from patients with vascular
dementia and from healthy subjects.'"¥ Kucukali et al.
conducted a study to evaluate the association between
PON1 polymorphism and Schizophrenia suggesting that
the subjects carrying R allele or RR genotype might be
susceptible to Schizophrenia and subjects with QQ might
be protected against Schizophrenia.?

The phenyl acetate and PO are the two substrates
used for the arylesterase (paraoxonase) phenotyping in
number of studies published. As previously described,
the pure form of PO is the neurotoxic substance. Thus
it may be concluded that, the p-nitrophenyl acetate can
be used instead of PO as a substrate for differentiating
the isoform. The new method is an easy and non-toxic
method for determination of Q192R polymorphism in
various pathological conditions such as CHD, NIDDM
and chronic renal failure etc. Furthermore, both
genotyping and purification of Q and R types of PON1
require complex, expensive procedures. Therefore
in our study, it is clear that PON1 phenotype in both
the new and reference method are comparable and
reference (Eckerson’s) method can be replaced by the
new method.

References

1. Primo-Parma SL, Sorenson RC, Teiber J, La Du BN. The
human serum paraoxonase/arylesterase gene (PONT1)
is one member of a Multigene family. Genomics 1996;
33:498-507.

Indian Journal of Human Genetics January-March 2013 Volume 19 Issue 1 75



10.

11

12.

13.

14,

15.

16.

17.

18.

19.

76

Mogarekar and Chawhan: Determination of Q192R polymorphism of paraoxonase

La Du BN, Aviram M, Billecke S, Navab M, Primo-Parmo S,
Sorenson RC, et al. On the physiological role(s) of the
paraoxonases. Chem Biol Interact 1999;119-120:379-88.
Mackness MI, Mackness B, Durrington PN, Connelly PW,
Hegele RA. Paraoxonase: Biochemistry, genetics and
relationship to plasma lipoproteins. Curr Opin Lipidol 1996;
7:69-76.

Hegele RA. Paraoxonase genes and disease. Ann Med
1999;31:217-224.

Durrington PN, B. Mackness, Mackness MI. Paraoxonase
and Atherosclerosis. Arterioscler Thromb Vasc Bio. 2001;
21; 473-480.

Humbert R, Adler DA, Disteche CM, Hassett C,
Omiecinski CJ, Furlong CE. The molecular basis of the
human serum paraoxonase activity polymorphism. Nat
Genet 1993;3:73-6.

Mackness MlI, Arrol S, Durrington PN. Paraoxonase
prevents accumulation of lipoperoxides in low-density
lipoprotein. FEBS Lett 1991;286:152-4.

Aviram M, Rosenblat M, Bisgaier CL, Newton RS,
Primo-Parmo SL, La Du BN. Paraoxonase inhibits high
density lipoprotein oxidation and preserves its functions:
A possible peroxidative role for paraoxonase. J Clin Invest
1998; 101:1581-90.

Ayub A, Mackness MI, Arrol S, Mackness B, Patel J,
Durrington PN. Serum paraoxonase after myocardial
infarction. Arterioscler Thromb Vasc Biol 1999;19:330-5.

Kim NS, Kang K, Cha MH, Kang BJ, Moon J, Kang BK,
et al. Decreased paraoxonase-1 activity is a risk factor
for ischemic stroke in Koreans. Biochem Biophys Res
Commun 2007; 364 (1):157-62.

. Abbott CA, Mackness MI, Kumar S, Boulton AJ,

Durrington PN. Serum paraoxonase activity, concentration,
and phenotype distribution in diabetes mellitus and it
relationship to serum lipids and lipoproteins. Arterioscler
Thromb Vasc Biol 1995;15:1812-8.

lkeda Y, Suehiro T, Inoue M, Nakauchi Y, Morita T, Arii K,
et al. Serum paraoxonase activity and its relationship to
diabetic complications in patients with noninsulin-dependent
diabetes mellitus. Metabolism 1998; 47:598-602.
Dantoine TF, Debord J, Charmes JP, Merle L, Marquet P,
Lachatre G, et al. Decrease of serum paraoxonase Activity
in chronic renal Failure. J Am Soc Nephrol 1998; 9: 2082-8.
Dantoine TF, Drouet M, Debord J, Merle L, Cogne M,
Charmes JP. Paraoxonase 1 192/55 gene polymorphisms
in Alzheimer’s disease. Ann N'Y Acad Sci 2002;977:239-44.
Zintzaras E, Hadjigeorgiou GM. Association of paraoxonase
1 gene polymorphisms with risk of Parkinson’s disease:
A meta-analysis. J Hum Genet 2004; 49:474-81.

Akcay MN, Yilmaz |, Polat MF, Akcay G. Serum paraoxonase
levels in gastric cancer. Hepatogastroenterology 2003;
50:cclxxiii-cclxxv.

Akcay MN, Polat MF, Yiimaz |, Akcay G. Serum paraoxonase
levels in pancreatic cancer. Hepatogastroenterology 2003;
50:cCxxv-CexXXVii.

Jenner P. Oxidative damage in neurodegenerative disease.
Lancet 1994; 344:796-8.

Adkins S, Gan KN, Mody M, La Du BN. Molecular basis
for the polymorphic forms of human serum paraoxonase/
arylesterase: Glutamine or arginine at position 191,
for the respective A or B allozymes. Am J Hum Genet
1993;53:598-608.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Eckerson HW, Wyte CM, La Du BN. (1983) The human
serum paraoxonase/arylesterase polymorphism. Am. J.
Hum. Genet. 1983;35:1126-38.

Mackness B, Mackness MI, Arrol S, Turkie W, Durrington PN.
Effect of the human serum paraoxonase 55 and 192 genetic
polymorphisms on the protection by high density lipoprotein
against low density lipoprotein oxidative modification. FEBS
Lett 1998;423:57-60.

Aviram M, Hardak E, Vaya J, Mahmood S, Milo S,
Hoffman A, et al. Human serum paraoxonases (PONT1)
Q and R selectively decrease lipid peroxides in human
coronary and carotid atherosclerotic lesions: PON1
esterase and peroxidase-like activities. Circulation
2000;101:2510-7.

Augustinsson, K.-B, Ekedahl, G. On the specificity of
arylesterases. Acta Chem. Scand. 1962;16: 240-1.
Huggins C, Lapides J. Chromogenic substrates.IV. Acyl
esters of p-nitrophenol as substrates for the colorimetric
determination of esterase. J Biol Chem 1947; 770:467-482.
Furlong CE, Richter RJ, Seidel SL, Motulsky AG. Role of
genetic polymorphism of human plasma paraoxonase/
arylesterase in hydrolysis of the insecticide metabolites
chlorpyrifos oxon and paraoxon. Am J Hum Genet 1988;
43:230-8.

Gan KN, Smolen A, Eckerson HW, La Du BN. Purification
of human serum paraoxonase/arylesterase. Evidence for
one esterase catalyzing both activities. Drug Metab Dispos
1991;19:100-6.

Richter RJ, Jarvik GP, Furlong CE. Determination
of paraoxonase 1 status without the use of toxic
organophosphate substrates. Circ Cardiovasc Genet
2008;1:147-152.

Haagen L, Brock A. A new automated method for
phenotyping arylesterase (EC 3.1.1.2) based upon inhibition
of enzymatic hydrolysis of 4-nitrophenyl acetate by phenyl
acetate. Eur J Clin Chem Clin Biochem 1992;30:391-5.
Hazardous Substance Fact Sheet. New Jersy: Department
of Health and Senior Services: nj.gov/health/eoh/rtkweb/
documents/fs/1457.pdf p. 1-6.

Furlong CE, Cole TB, Jarvik GP, Costa LG.
Pharmacogenomic considerations of the paraoxonase
polymorphisms. Pharmacogenomics 2002;3:341-8.
Davies HG, Richter RJ, Keifer M, Broomfield CA, Sowalla J,
Furlong CE. The effect of the human serum paraoxonase
polymorphism is reversed with diazoxon, soman and sarin.
Nat Genet 1996; 14:334-6.

Costa LG, Cole TB, Jarvik GP, Furlong CE. Functional
genomic of the paraoxonase (PON1) polymorphisms:
Effects on pesticide sensitivity, cardiovascular disease,
and drug metabolism. Annu Rev Med 2003;54:371-92.
Jarvik GP, Rozek LS, Brophy VH, Hatsukami TS,
Richter RJ, Schellenberg GD, et al. Paraoxonase (PON1)
phenotype is a better predictor of vascular disease than is
PONT1 (192) or PON1 (55) genotype. Arterioscler Thromb
Vasc Biol 2000;20:2441-7.

Richter RJ, Furlong CE. Determination of paraoxonase (PON1)
status requires more than genotyping. Pharmacogenetics
1999;9:745-53.

Mackness B, Davies GK, Turkie W, Lee E, Roberts DH,
Hill E, et al. Paraoxonase status in coronary heart disease:
Are activity and concentration more important than
genotype? Arterioscler Thromb Vasc Biol 2001;21:1451-7.

Indian Journal of Human Genetics January-March 2013 Volume 19 Issue 1



36.

37.

38.

39.

40.

Mogarekar and Chawhan: Determination of Q192R polymorphism of paraoxonase

Brophy VH, Jarvik GP, Furlong CE. PON1 polymorphism.
In: Costa LG, Furlong CE, editor. Paraoxonase (PON1) in
health and disease: Basic and Clinical Aspects. Norvell,
MA: Kluwer Acad; 2002.p. 53-77.

Draganov DI, La Du BN. Pharmacogenetics of
paraoxonases: A brief review. Naunyn Schmiedebergs
Arch Pharmacol 2004;369:78-88.

Mackness M, Durrington P, Mackness MI. Paraoxonase 1
activity, concentration and genotype in cardiovascular
disease. Curr Opin Lipidol 2004;15:399-404.

Ruiz J, Blanchex H, James RW, Garin MC, Vaisse C,
Charpentier G, et al. GIn-Arg192 polymorphism of
paraoxonase and coronary heart disease in type 2 diabetes.
Lancet 1995;346:869-872.

Flekac M, Skrha J, Zidkova K, Lacinovéa Z, Hilgertova J.
Paraoxonase 1 gene polymorphisms and enzyme activities

41.

42.

in diabetes mellitus. Physiol Res 2008;57:717-26

Lee CH, Lee KY, Choe KH, Hong YC, Kim YD, Kang JW,
et al. Effects of oxidative DNA damage induced by polycyclic
aromatic hydrocarbons and genetic polymorphism of the
paraoxonase-1 (PON1) gene on lung cancer. J Prev Med
Pub Health 2005; 38:345-50.

Kucukali Cl, Aydin M, Ozkok E, Orhan N, Cakir U, Kilic G,
et al. Paraoxonase-1 55/192 genotypes in schizophrenic
patients and their relatives in Turkish population. Psychiatr
Genet 2008;18:289-94.

Cite this article as: Mogarekar MR, Chawhan SS. The determination
of Q192R polymorphism of paraoxonase 1 by using non-toxic substrate
p-nitrophenylacetate. Indian J Hum Genet 2013;19:71-7.

Source of Support: Nil, Conflict of Interest: None declared.

Indian Journal of Human Genetics January-March 2013 Volume 19 Issue 1 77



